Molecular structures of human argininosuccinate synthetase pseudogenes. Evolutionary and mechanistic implications.
In the human genome there is one expressed gene for argininosuccinate synthetase and 14 pseudogenes. A cDNA coding for human argininosuccinate synthetase was used to screen a human genomic library. Twenty-five unique genomic clones were isolated and extensively characterized. At least seven clones represented processed argininosuccinate synthetase pseudogenes that lost the introns in the expressed gene. Restriction mapping demonstrated that these processed pseudogenes were located in distinct regions of the human genome. Complete nucleotide sequences of two processed pseudogenes, psi AS-1 and psi AS-3, and a partial sequence of psi AS-7 were determined. Both psi AS-1 and psi AS-3 had an adenine-rich region at their 3' end and were flanked by distinct imperfect direct repeats. A comparison of these pseudogene sequences to that of the cDNA demonstrated that psi AS-1 and psi AS-3 were 93% homologous to the cDNA, whereas psi AS-7 was 89% homologous to the cDNA. Therefore, it is estimated that psi AS-1 and psi AS-3 were created 10-11 million years ago, whereas psi AS-7 arose approximately 21 million years ago. We have estimated the evolutionary rate for the expressed argininosuccinate synthetase gene based on the sequences of psi AS-1 and psi AS-3. These data indicate that the expressed argininosuccinate synthetase gene is evolving at a rate similar to that of the beta-globin gene and much faster than the alpha-tubulin gene. Furthermore, a comparison of the sequences of psi AS-1 and psi AS-3 suggests the possibility that these pseudogenes arose from a common intermediate.